Abstract Purpose: To identify prognostic factors associated with survival beyond 4 years and overall response in patients with metastatic melanoma treated with high-dose bolus i.v. interleukin-2 (IL-2) given either alone or in combination with a variety of melanoma vaccines. Study Design: 684 consecutive patients with metastatic melanoma received high-dose bolus i.v. IL-2 either alone or in conjunction with a variety of melanoma vaccines. Treatments occurred between August 1, 1985 and January 1, 2006. Results: The overall objective response rate was 13% for patients receiving IL-2 alone and 16% for patients who received IL-2 with vaccine. In patients treated with IL-2 alone (n = 305) and IL-2 with vaccine (n = 379), having an objective response was associated with survival beyond 4 years (P < 0.0001). No pretreatment factors could be identified that were strongly associated with increased rate of objective response or long-term survival in patients receiving IL-2 alone. In patients receiving IL-2 with vaccines, there were increased response rates in patients with s.c. or cutaneous disease only and lower response rates with visceral disease only. Patients who received the gp100:209-217(210M) peptide plus IL-2 showed a strong trend to increased objective responses compared with IL-2 alone (22% versus 12.8%; P = 0.01) and also compared with patients who received a variety of vaccines that did not include this immunogenic peptide (13.8%; P = 0.009). Conclusion: IL-2 can produce a modest response rate in patients with metastatic melanoma including patients with durable complete responses. S.c. or cutaneous disease only and vaccination with gp100:209-217(210M) peptide was associated with significant increase in response rates.
Melanoma is the fifth most common cancer among men and the fourth most common cancer in women in the United States. For the year 2007, the American Cancer Society estimates there will be 59,940 new cases and 8,110 deaths from melanoma in the United States (1) .
Dacarbazine is the only chemotherapeutic drug approved by the Food and Drug Administration for patients with metastatic melanoma and results in response rates between 10% and 15% (2); however, there are very few durable responses and most patients experience disease relapse after a few weeks or months. In 1998, the Food and Drug Administration approved highdose bolus interleukin-2 (IL-2) based on its ability to mediate durable complete responses in patients with metastatic melanoma (3, 4) .
Despite the extensive use of IL-2, no reliable prognostic variables have been identified that are associated with improved response rates or survival. The Surgery Branch of the National Cancer Institute has the largest single institution series of patients treated with high-dose IL-2 and this provided us with an opportunity to analyze prognostic and treatmentrelated factors in 684 consecutive patients with metastatic melanoma treated with high-dose IL-2 either alone or in conjunction with melanoma vaccines.
were used in the patients treated in the IL-2 plus vaccine cohort. Many of these trials have been reported separately, each with small numbers of patients (5 -8) .
Histologic confirmation of melanoma by the Pathology Department at the NIH was required before enrollment. Patients were required to have measurable metastatic disease. An interval of at least 1 month from any systemic treatment was required before enrollment. Patients with significant cardiac, respiratory, or kidney disease were not enrolled in the trials.
Treatment. Patients were treated with recombinant high-dose IL-2 at a dose of 720, 000 IU/kg suspended in 50 mL of 5% albumin solution and given over 15 min. Dosing during each cycle of therapy was done every 8 h for a maximum of 12 to 15 doses. Dosing was stopped if there was development of grade 3/4 toxicity not readily reversed by supportive therapy, mental status changes, or for patient refusal.
The patients treated with IL-2 alone received the first dose of the second cycle f14 days after the first dose of the first cycle. Patients who received IL-2 in conjunction with vaccine received treatment every 3 weeks; vaccine was administered before the first dose of IL-2 in each cycle. Two cycles of treatment constituted one course.
Patients were enrolled with the intention to complete two cycles and then have an evaluation 2 months after the start of therapy. Not all patients were able to complete a second cycle of therapy due to toxicity or disease progression, but all enrolled patients are included in this analysis. Patients with stable disease or evidence of tumor regression received additional courses of treatment.
Response evaluation. Before enrollment on protocol, metastatic disease was documented using computerized axial tomography or magnetic resonance imaging of the brain, chest, abdomen, and pelvis. Positron emission tomography, radionuclide bone scans, or photographs were done if deemed appropriate. Lactate dehydrogenase levels before enrollment were used to subcategorize patients according to the current American Joint Commission on Cancer classification (9) . Before 2005, response was determined by WHO criteria, in which the products of the maximum perpendicular diameters of all tumors before and following treatment were compared (10) . An objective response partial response was defined as z50% decrease in the sum of the products of the maximum perpendicular diameters of all evaluable tumors lasting at least 1 month with no new or enlarging tumors. A complete response was defined as the disappearance of all evaluable lesions lasting >1 month.
Subsequently, the RECIST criteria was used, in which a partial response is defined as a z30% decrease in the sum of the longest diameters with no new lesions appearing (11) . A complete response is defined as disappearance of all the evaluable lesions, lasting for >1 month from the time at which the disappearance was first documented.
Patients not meeting the criteria for partial or complete response were classified as nonresponders.
Patients who had a partial response to IL-2 therapy and subsequently had surgical resection of any residual disease as part of their management continued to be classified as partial responders despite no radiographic evidence of disease.
Statistical analysis. Analyses were done separately within IL-2 and IL-2 plus vaccine patient groups. Dichotomous variables were evaluated for their association with response or survival >4 years using a Fisher's exact test. Continuously measured variables (or variables that could be treated as if they were continuous) were evaluated for their association with response or survival >4 years by a Wilcoxon rank-sum test. Because this was an exploratory analysis, and many tests are being done within IL-2 and IL-2 plus vaccine patient groups, a more stringent level for results was applied to consider a univariate association to be statistically significant. In addition, to determine whether a set of pretreatment variables may be taken together to predict whether a patient will respond clinically or survive beyond 4 years, a logistic regression model was used, incorporating baseline or pretreatment factors found in univariate analyses to be associated with at least a trend toward an association with the outcome (P < 0.10, approximately, separately for both endpoints, for IL-2 and IL-2 plus vaccine). That analysis was intended to suggest factors worth consideration for determining if a patient is likely to be responsive to IL-2 alone or to IL-2 plus vaccine or to live beyond 4 years.
Based on the observed pattern of overall survival, we were interested in exploring factors associated with survival in excess of the duration of survival for patients with a complete response. None of the patients who had a complete response experienced a relapse after 3 years; thus, to be conservative, survival beyond 4 years was chosen as the threshold to evaluate factors associated with long-term survival. From the 684 patients on study, 644 were usable for the analysis of long-term survival at 4 years; the other 40 were enrolled on trial after January 1, 2003 and were still alive as of December 2006; thus, their survival status at 4 years could not be determined.
Duration of response or survival was determined from the date patients received their first dose of IL-2.
Given the varying degrees of dependence and independence of the variables that were examined, no formal adjustments were done for multiple comparisons; however, P < 0.005 was felt to be sufficient to consider an association to be interpreted as being statistically significant. Instances in which 0.005 < P < 0.05 will result in that variable being considered as having a trend toward an association (with greater emphasis on the lower P values within that range). All P values are two-sided.
Results
Patient demographics. Three hundred five patients received IL-2 alone and 379 patients received IL-2 in combination with vaccines (Table 1 ). There were 432 men (63%) and 252 (37%) women. The mean age of the patients was 45 years; the range was 17 to 69 years. Eighty-three percent of patients had an
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Eastern Cooperative Oncology Group score of 0 and 15% had an Eastern Cooperative Oncology Group of 1. Twenty-four percent of the patients had received prior chemotherapy and 18% had received prior radiation therapy. Seventy percent of patients had received two or more prior therapies.
Objective responses and survival. The objective response rates in patients who received IL-2 alone or in conjunction with vaccine were 13% and 16%, respectively (Table 2) . Complete responses were seen in 4% and 3% of patients, respectively. In patients who received IL-2 alone, the median duration of partial and complete responses was 24 and >176 months, respectively. For patients treated with IL-2 plus vaccine, the median duration of partial and complete responses were 9.4 and 7.8 months. Eleven of 13 of patients who achieved a complete response to IL-2 alone had ongoing responses at 17 to 253 months compared with only 4 of 13 patients with ongoing responses in the IL-2 plus vaccine group (P = 0.015). This difference in durability of response rates may be due to the different schedules of IL-2 administration between the two groups. None of the patients in the IL-2 alone group who experienced a complete response relapsed after being disease free for 1.5 years.
When results were evaluated according to categories based on the time of enrollment over the course of the 20-year period of the study, there was no effect on the period of enrollment and response (data not shown). Figures 1 and 2 show the survival in all patients and in the responding patients, respectively, in the group treated with IL-2 alone. In patients treated with IL-2 plus vaccines, overall survival for the patients is shown in Fig. 3 and survival of the responding patients is shown in Fig. 4 . The median survival in each of the groups was 12.8 and 14.2 months, respectively. The survival at 2 and 4 years was 27% and 16% for the IL-2 group and was 28% and 13% for the IL-2 plus vaccine group.
Analysis of factors associated with survival beyond 4 years. Univariate analyses of dichotomous factors and their association with survival >4 years are presented separately for patients treated with IL-2 and IL-2 plus vaccine in Tables 3, Table 4 and 5. By logistic regression, in patients treated with IL-2 alone, having an objective response to IL-2 was associated with survival beyond 4 years [odds ratio (OR), 9.96; 95% confidence interval (95% CI), 4.74-20.93; P < 0.0001]. Other variables with at least a trend toward an association with survival included not having prior radiation (P = 0.038), having Eastern Cooperative Oncology Group status 0 (P = 0.034), higher eosinophil peak (P = 0.02), and higher platelet peak (P = 0.02). In patients treated with IL-2 plus vaccines, objective response (OR, 5.54; 95% CI, 2.69-11.38; P = 0.0001) and number of sites (OR, 0.57; 95% CI, 0.40-0.79; P = 0.0009) were associated with long survival in a logistic regression model. Peak eosinophils (P = 0.03), baseline versus peak eosinophils (P = 0.02), and baseline versus nadir WBC (P = 0.009) are also potentially associated with long-term survival.
There was no statistical association between long-term survival and the M stage classification for patients treated with high-dose IL-2 alone or in combination with vaccines (P > 0.1).
Analysis of factors associated with response. Univariate analyses of pretreatment and treatment factors for effect on response for patients treated with IL-2 and IL-2 plus vaccine are presented separately in Tables 3 -5 . In IL-2-treated patients, lower baseline eosinophils (P = 0.02), number of sites (P = 0.02), eosinophil nadir (P = 0.02), and peak lymphocytes (P = 0.006) were at least moderately well associated with response. There was no association between the M classification and response in the patients treated with IL-2 alone (P z 0.1).
For patients treated with IL-2 and vaccine, having a s.c. site (P = 0.00005) and not having any visceral component to the site (P = 0.00038) were significantly associated with response as was fewer total number of sites (P < 0.0001). Also, patients with stage M1 disease treated with IL-2 with vaccine had an increased likelihood of response (P = 0.00064).
Not having received prior radiation (P = 0.013), lower baseline creatinine (P = 0.04), and peak eosinophil count (P = 0.02) were associated to a lesser degree with response in this group as well.
In a logistic regression model constructed to identify if factors may jointly affect response, lower baseline eosinophils (OR, 0.997; 95% CI, 0.89-1.0; P = 0.03) and fewer sites of disease (OR, 0.73; 95% CI, 0.54-0.99; P = 0.04) were jointly associated with response in patients treated with IL-2 alone. In patients treated with IL-2 plus vaccine, fewer sites of disease (OR, 0.72; 95% CI, 0.56-0.94; P = 0.02), lower baseline creatinine (OR, 5.7; 95% CI, 1.27-25.90; P = 0.02), lack of prior radiation (OR, 0.34; 95% CI, 0.13-0.93; P = 0.04), s.c. site of disease (OR, 2.68, 95% CI, 1.01-7.13; P = 0.05), and not having any visceral site of disease (OR, 0.45; 95% CI, 0.23-0.86; P = 0.02) were found to be jointly associated with response. After adjustment for the other factors in the model, the M classification did not have prognostic effect on the likelihood of response in patients treated with Il-2 and vaccine.
Prognostic effect of the number of IL-2 doses administered in the first course. For the IL-2-treated patients, analysis of the number of doses given in the first course showed a trend toward an association between responders (16.7 F 0.65; median, 16; range, 9-30) and nonresponders (15.06 F 0.28; median, 15; range, 3-31; P = 0.07).
In patients who received IL-2 plus vaccine, the number of doses administered in the first course showed a somewhat stronger association between responders (16.3 F 0.33; median, 16; range, 10-22) and nonresponders (14.2 F 0.23; median, 15; range, 3-24; P = 0.001).
Analysis of response related to the type of vaccine administered. The gp100:209-217(210M) peptide (called gp209-2M) is a synthetic peptide in which methionine replaces threonine at position 2 in the native gp209-2M peptide (12, 13) . In previously published studies from the Surgery Branch, it was shown that immunization with the gp209-2M peptide (14 -16) and gp209-2M fowlpox vaccines lead to the development of T cells reactive to this specific epitope (5) .
Published reports from other trials in the Surgery Branch of the National Cancer Institute showed that other vaccines used in clinical trials within the Branch rarely caused the development of specific reactive T cells or produced objective tumor responses (8) .
Analysis of response versus the type of vaccine administered showed that patients treated with IL-2 in addition to the gp209-2M vaccine (Table 5 ) had a response rate of 22.3% versus 12.8% in those treated with IL-2 alone (P = 0.01) or 13.8% in those patients who received vaccine regimens not containing the gp209-2M construct (P = 0.009).
Discussion
IL-2 was approved by the Food and Drug Administration in 1998 based on its ability to cause durable and complete Regressions of large volumes of metastatic disease in a variety of locations have been seen. The current approved regimen gives IL-2 at a dose of 600,000 to 720,000 IU/kg every 8 h for a maximum of 12 to 15 doses or to patient tolerance. Using this regimen, overall response rates of about 15% have been reported. Attempts at using low-dose i.v. regimens of IL-2 or alternate routes of administration of IL-2 (s.c. injection, inhalation, etc.) to abrogate the toxicities (18 -22) associated with IL-2 have resulted in lower response rates.
Despite the small complete response rate, the complete responses can be durable. Nearly all the patients who remained disease-free beyond the first 1.5 years in patients treated with IL-2 alone and 3 years in those treated with IL-2 plus vaccine remained complete responders at >10 years.
Comparison of the Kaplan-Meier survival curves in the responding patients in the IL-2 alone and IL-2 with vaccine treated groups showed that complete responses in the IL-2 with vaccine group were not as durable as the complete responses in the IL-2 alone treated group. There were only The number of doses of IL-2 administered in the first course showed a trend toward significance in both IL-2 alone (P = 0.07) and IL-2 with vaccine (P = 0.001) groups. However, this did not have an effect on survival. Some patients were unable to complete the planned course of therapy due to disease progression and toxicity, so the significance of more doses of IL-2 on outcome is unclear.
In this single institution, review of 305 consecutive patients treated with IL-2 alone no single factor showed statistical The baseline eosinophil count, number of sites of disease, peak lymphocytes, and eosinophil nadir showed a trend toward response. Because the baseline eosinophil count and number of sites of disease are factors known before the onset of therapy, they were entered into a logistic regression model. In the final model, both factors remained; a lower baseline eosinophil count and a smaller number of sites of disease were associated with a weak trend toward increased likelihood of responding to IL-2 alone. A reduction in the lymphocyte count typically occurs in patients during treatment with IL-2 (9). This is typically followed by a rebound lymphocytosis at the conclusion of therapy. A peak in the lymphocyte count typically occurs 2 to 5 days after the cessation of IL-2. The peak lymphocytosis showed a trend toward significance in responders versus nonresponders in patients treated with IL-2 alone (P = 0.0059). Similar results have been shown in previously published papers (23, 24) .
In the 379 consecutive patients treated with IL-2 with vaccine, the presence of s.c. or cutaneous disease only were significantly associated with the likelihood of having a response (46% versus 13%; P = 0.00005). Also not having visceral disease increased the likelihood of having a response (24% versus 10%; P = 0.00038). A prior study from this institution also showed statistical significance for patients who had s.c. and/or cutaneous disease only (10) . Data from that study included patients treated with both IL-2 alone and IL-2 with vaccines. In this review, the presence of s.c. or cutaneous disease only in patients treated with IL-2 alone did not have an improved response rate.
For the patients treated with IL-2 with vaccines, one of the strongest predictors of the likelihood of having a response was treatment with the gp209-2M peptide vaccine alone or in combination with other vaccines. Patients treated with this vaccine were twice as likely to achieve an overall objective response than other patients in the study. Although these data are highly suggestive, it must be emphasized that this was a subgroup analysis and would require confirmation in a randomized trial.
Two previously reported immune mediated phenomena associated with treatment with IL-2 are the development of vitiligo and hypothyroidism (23, 25, 26) . Vitiligo was not included as a variable for review in this study, as the reporting on the data for vitiligo was incomplete in the study population. Baseline thyroid function or the development of hypothyroidism during treatment did not show an association with response in the study population for IL-2 alone or IL-2 with vaccine treated patients (data not shown).
The toxicities associated with IL-2 span a large spectrum of well-characterized symptoms and clinical signs. Chills, rigors, malaise, nausea, vomiting, diarrhea, erythroderma, fluid retention, hypotension, and mental status changes are the most common side effects associated with IL-2 therapy (27) . The toxicities are thought to be due to a combination of the capillary leak syndrome and lymphocyte infiltration of tissues and have been widely reported.
The common side effects can be safely treated with appropriate monitoring, prophylactic antibiotic coverage, analgesics, antiemetic drugs, and judicious fluid resuscitation (27) . Over time, experience in the administration of IL-2 has resulted in a significant decrease in the number of grade 3 and 4 toxicities associated with treatment with high-dose IL-2. The mean age of the 684 patients in this study was lower than that reported in other trials of stage IV melanoma. This could have some bearing on the results from the trial.
The mortality from high-dose IL-2 therapy in this Surgery Branch experience was 0.73% (5 of the 684 patients).
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